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DISCOVERY AND USE OF ZERO 
mea wear f Tia wes als aA 
wares sae: YT TAAL 
Gaayathre shadsankbyaamardhef apaneethe dvayanke 

i sroopamapaneeya deyenkadbsoonyam thaapyamn 
In gayatri chandas, one pada has six letters. When 
this number is made half, it becomes three (Le the 
pada can be divided into two). Remove one from 
three and make it half to get one. Remove one from 
it, thus gets the zeto (Soonya). 
PINGALACHARYA_IN CHANDA SASTRA 200 B.C, 


CALCULATIONS WITH ZERO ; 
Prererrenfear orracorennfer ot pret etter ReraiterereT 
arate get erp ard ee ener of ree Ferree: 
Vikaaramaayaanthi dbanarunakbaani na soonya samyoga 
viyogathasthu soonyaaddbi suddbam swamrunam kshayam 
swam vadbaadinaa kham kbabaram vibhakthaa: 

Nothing happens (to the number) when a positive 
or negative number is added with 0. When +ve and 
-ve numbers ate subtracted from 0, the +ve number 
becomes negative and -ve number becomes +ve. 
When multiplied with 0, the values of both +ve 
and -ve numbers become 0, when divided by 0, it 
becomes infinity (khahata). 
sIDDH) 
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DISCOVERY OF PLACE VALUES -I 


wer TEtaT TEA ar eaTEATA wate ACA 
are a weed eta & Tere gee AAT a ser 
‘Yathaa charekhaa satbasthaane satham dasethane dascian chaikasthaane yathaa 
In the unit place the digit has the same value, in 
10th place, 10 times the value and in 100th place 
100 times the value, is given. 


ee es 
ny 
DISCOVERY OF PLACE VALUES - I 
qartarta tan area Pera 
eat art TeeNie sree Here AeA 


Yathaachaikaapi rekba sthaananyathvena nivisamaanaika 
dasa satha sabasraadi sabda prathyaya bhedbamanubbavathi 


One and the same numetical sign when occupying 
different places is conceived as measuring 1, 10, 100, 


1000 etc. 


Hennes 
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KNOWLEDGE ON INFINITY 
anf Rreore: wet a areas eee PTT 
agents eareorrg fear fara fege HT TAT 


‘Asmin vikara kbabare na raasaavapi pravesbtesbvapi ni: 
srutbesbu babushuapi syaallaya srusbtikaalef nanthef chyuthe 
bhoothaganeshu yaddbath 


Nothing happens to the (huge number) infinity, 
when any number enters (added) or leaves 
(subteated) the infinity. During pralaya many things 
get dissolved in Mahavishnu and after pralaya, 
during srushti all those things get out of him. ‘This 
happens without affecting the lord himself. Like 
that, whatever number is added to infinity or 
whatever is subtracted from it, the infinity remains, 
unchanged. 
BRAHMAGUPTHA IN BRAHMASPHUTA SIDDHANTA 600_AD’ 
ell 


USE OF AVERAGE VALUES 
amr Rea agqerrty aeqhersiea 
warratren aatiitd taf aq tat ay 


Ganayithwa visthaaram babushusthanesbu thadyutbirbbaayyaa 
sthaanakamithyaa samamitbirevam dairgye cha vedbe cha 


(or length, breadth and depth) the measurements 
should be taken at many places and the sum should 
be divided by the number of times (places) the 
measurement is taken. 


-BHASKARACHARYA ILIN LILAVATI 1150 AD 
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‘USE OF FRACTIONS 
meiner gra Ward agHad aq Wales 
western: cisnfitentien | gat at area: 
wafer aadontiereds & afe ad aft afer ace attra 
Sartet ree ETT 
Drammaardha thrilavadvayasya sumathe paadathrayam 
yadbhaveth that panchaamsaka sboda saamsa charana: 
sampraarthithenaa- rthinaa datto yenavaraatakaa: kathi 


kadaryenarpithastena me broobithvam yadi vetsi vatsaganitha 
jaathim prabbagaabbidbaam 


‘One man has given to a beggar fraction of 1 dramma 
(a unit of money), That fraction is one fourth of 
the one sixth of one fifth of the three fourth of the 
two third of the half of a dramma. Then tell how 
much kowdi (a unit fraction of the amount deamma) 
was given to the beggar? 


BMASKARACHARYA | - ARYABHATEEYA BHASHAYA 628 AD 


USE OF RATIO AND PROPORTION 


oat ararerat seat gfe Ae: aAeTETE: | 
WRT TERT BY SAT: sae UL 


Ashtow daanthaa sthryo damyaa ithi gaava: prakeerthi thaa: 
ekaagrasya sabasrasya kathi daanthaa: katheetharai: 


(Out of 11 cattle) Fight are tamed and 3 are to be 
tamed and (how many ate) to be tamed) if the 
number of cows is 1001? 


JHASKARACHARYA J - 
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PERMUTATIONS AND COMBINATION - I 


agatn Saran At: AS TA: TEP: | 
Real qian aor aft 8711 

Katukathiktha kashaayaamlalavana madhurai:sakbe rasai:sbadbhi: 
vidadbaatbi soopakaaro vyanchanamaachaksbua kathibbedam 
Friend, a cook prepared varieties of food with 6 
savours: pr it, bitter, astringent, acid, saline and 


sweet. Say what is the possible number of varieties 
of food that can be made with these savours. | 


PERMUTATIONS AND COMBINATION - IL 


anes sree Sat yet: TEA 
areeragatater | strata wet wire: eter aferetar: 
sR wake ala sire: 11 

Paasankusaabi damarooka kapaala soolai: khadvangasakthi 
sara chaapayuthairbbavanthi anyonya hastha kalithai: katbi 
moorthibhedaa: sambbo baririva gadaari saroja sankachakrai: 
Pasa, ankusa, serpant, damaru, kapala, soola, 
khatvanga, sakti, chapa, sara with these (ten) items 
how many permutations and combinations are 
possible for Lord Siva. Similarly with the four items, 
sanku, chakra, gadha and padma holding in the 
hands, how many combinations are possible for 
Lord Vishnu? 


BHASKARACHARYA Il IN LILAVATI 1114 AD 
———————— a 
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PARTNERSHIP AND SHARES 
: oT: | 
are: agadeat ae wet wa Fe 271 

b ja: _panchaikaikottharaadbi 
slate lebbaesabasasankyo vada has thatbra kin 
deyam 
Five partners collaborate in a business. The capital 
invested by them are (in the ratio) one and the same 
number increasing successively by one (ie 1,2,3,4, 
& 5) respectively. Profit that accrued amounts to 
1000. Say what should be given to whom. 


eeariartst hd enfias ar creat itr 


LOANS AND INTERESTS 


1 Reremraraegel aq ararteniee dat tererdy sega 
Uae a wateed ForIA Het THT 
Kutumbaarthamasakthena grubeetham vyaadbithena vaa 
upaplava nimittham cha vidyaathaapalkrutham thath 
kanyaavaivabikam chaiva prethakaaryeshu yathkrutham 
ethath sarvam pradaathavyam kutumbena krutham prabbo 
Loans are taken for meeting the expenditure 
connected with economic problems due to family 
burden, health problems, treatment, education, 
expenditure during accident, matriage of daughter, 
for performing tituals connected with the demise 
of the family members, etc. 


‘stusenumn 10086 | 
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Maasena satbasya phalam panchaiko bhavyakefrdbamaya vruttho 

lekbakapaado varshe panchaadika navasatbeemisram 

‘The rate of interest being 5% per month, the commission of 

surety 1% per month, fee for accountant %% and charges of 

the sctibe 1/4% per month, certain sum amounts to 905 a 

year. Find the capital, the interest and the shares of the surety? 
‘SRIDHARACHARYA IN PATIGANITA 990 AD 


RULES OF CHARGING INTEREST 
aa sent: sermfaar are yesftareg | 

fos Bre ages was a srt aterera 
Atha utthamarna: adbamarnaadyathaa datthamartham 
grubneeyaath dvikam thrikam chathushkam panchakam cha 
‘satham prathimaasam 
The loans can be given and taken between borrower 
and lender. Generally charged interest rates are 2, 
3, 4, or 5% per month. 


Sa paadapanaa dharmyaa maasavruddbi: panassathasya 
panchapanaa vyaavabarikee 
Reasonable (dharmic) rate of interest is 1.25% per 
month (ie 15% per annum) on the transactions with 
common man for non commercial purposes. But 
for commercial purposes (for making profit out of 
it) interest rate can be 5% per month. 
VISHNU SMRUTHI 100 B.C 
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RULES OF BODIES IN MOTION 


ate Ratatat matte at | 
eT reat eatrerererttteat | 


Bhakthe vilomavivare gatbiyogenaanulomavivare dow 
gathyantharena labdow dviyogakaalaavatheethaishyow 
Whenever two bodies are travelling in the opposite 
directions, the distance between them is to be 
divided by the sum of their speeds. If they move in 
the same direction, the distance is to be divided by 
the difference of their speeds. This gives the time 
required for meeting of the bodies or the time 
elapsed after meeting of the moving bodies. 
ARYABHATA | - ARYABHATEEYA 499 AD 


wet at aired aera aterray 

arr set Fat: eH: FT TATA | 
Ekow naa yojananyashtow yaathyanyo yojanadvayam 
yojanaanaan satham panthaa: sangama: kva gamaagame 
One man travels at 8 yojana speed per day. Another 
travels at 2 yojana per day, starting simultaneously 
from the same place. After reaching the destination, 
the first man comes back. If the length of the track 
is 100 yojana. Say where is the meeting place of the 
two? (One going forward and the other traveller 
returning). 

‘SREEDHARACHARYA PATIGANITHA 990 AD 


at 
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PROGRESSION OF THE TYPE 
P+P+ P+ 4 +... 

wat serait aaa aqyenisaaa: | 

wetter aed veereret fe afer: 1 


Saptbaanaam ashtaanaam saptadasaanaam chatburbbu 
jaaschithaya: ehavidyaanaam vaachyam padastharaasthaa bi 
vargaakbyaa: 


There are (three pyramidal) piles on square bases 
having 7, 8 and 17 layers which are also squares. Say 
the number of units there in, 


PROGRESSION OF THE TYPE 1? +2?+3°+4°+ 


aqernitada: weaqraenn Ptrgsa: | 
TRTAASATT: AAAGTASTT: FHA: 1 
Chathurasraghanaschitbaya: panchachathurnavastharaa 
ekaavaghatithaasthaa: samachathura sresbtakaa: 
kramasa: 
‘There are three pyramidal piles having 5, 4 and 9 
cuboidal layers. They are cuboidal bricks (of unit 
dimension) with one brick in the topmost layer. 
Find the number of bricks used in them. 


smc some 
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PROGRESSION OF THE TYPE 
En + Dn? + In? + Zn * 


fayradtarant Gare 7 (@) aed Wate | 
Doigunitha saikapadaghnam saikapadam 
‘pa(da)dalabrutham bhavathi 
‘The number of terms plus one, as multiplied by 
twice the number of terms plus one, being (further) 
multiplied by half the number of terms. 


dafraptreriai caterer tera 
wort aa Tarai TITRA AAS PeTETAA 


ighanaanaam sankalithasamaasamaanaam me 
hathaya shannaam sakhe padaanaam ganayithoaa 
yadivijaanaasi 
Friend, if you know, then say after calculation () 
the sum of successive sum of 6 natural numbers (i) 
the sum of the squares of the first 6 natural numbers 
and (iii) the sum of the cubes of first 6 natural 
numbers. 

(RYA ~ 
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FIRST DEGREE INDETERMINATE EQUATION 


ARIA Fea: aed THT ale: TH: TT Hea- 
eared aogermrareaa | aa: Tora are Tareas FY 
atrery coger werester BETA a Faery || 
Mudgaanaam kudavaa: saptha labbyanthe navabbi: pane: 
panena kudavasyaardbam thandulaanaamavaapyathe thatha: 
panathrayam saardbam grubeethvaafasu vaningmama 
thandulaanaam prayacchaamsa mudgaanaam cha 
dvisangunam 
7 kudavas (unit of measurement) of mudga are 
obtained for 9 panas and Y kudava of rice is obtained 
for one pana. Then O! merchant take 3¥% panas and 
quickly give me one part of rice and two parts of mudga. 
SREEDHARACHARYA - IN PATIGANITHA 900 AD 


FIRST ORDER EQUATION - I 
a Prefer Reatard atte ao: gga ft ere 


genta yet: | ari aat raga wal Pegered Ot 

ATT TET TTT 11 

‘Ye nirjaraa dinadinaardba thrutheeya shasbtai: sampoorayanthi 

pruthak pruthakeva mukthaa: vaapeem yadaa yugapadeva 

sakhe vimukthaasthe kenavaasaralavena thadaa vadaasu 

By opening 4 inlets separately, one pond gets filled 

respectively within 1, %, 1/3, and 1/6 days. If all 

the four inlets are opened together, how much time 

(in fraction of the day) is required to fill the pond ? 
n-INUmVaTI i114 
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FIRST ORDER EQUATION - II 
ara after eae) SISTA (G) TerarA| 
saint a erent cat Fe qirere | 


Nava gulikaa saptha (cha) roopakasamaasthrayaanaam (thy) 
gulikaanaam thrayodasaanaam cha roopakaanaam thadaa kim 


‘gulikaa moolyam 
I£9 gulika and 7 rupaka are equal to 3 gulika and 13 
upaka, what is the ptice of one gulika? (the answer 
can be determined through the same method 


followed above) 


EQUATIONS OF HIGHER ORDER- I 


SRSA: TATA: AE: eA | 


at & Reravafer at qaeret ferat stot 11 
Vaanarakulathribbaga: svathryamsa samanviltha: sara: 
prayayow moolam cha pipaasathi dvow ch sthithow 
seshow 


One third of a troop of monkey with one third of 
itself has gone to the tank; the square root of the | 


|| cemaining 2 monkeys are sitting under the mango 
|| tree. What is the total number of monkeys? */,2+ | 
Yiatvat2=a 
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EQUATIONS OF HIGHER ORDER- II 

AR AAR HT Ae TATTVTATTPTTRTT | 
Abe Biers eae Ie et Ts AMAT | | 
Bale maralakula mooladalaani saptha there vilaasabhara 
manthara gaanyapasyam kurvancha keleekalabam 
kalabamsayugmam sesham jale vada maraalakula pramaanam 
I saw that one half of 7 times of the squate root of 
the total number of swans were slowly moving away 
in the river. Remaining 2 are playing in water. What is 
the number of total swans? (equation: 7/2 Va+2=a) 

nupscanactinya Avan. tt14 82 

PYTHAGORUS THEOREM 
DISCOVERED BY BOUDHAYANA —* 


aragereerrareag: faerate aftr weifer| 
\Samachathurasrasyakshnayaa rajju dvisbtavathim bhoomim karothi 
‘The diagonal of a square produces double the area 
of the square. 


dehaqeereerareng: wefentt fete 
a aT Hareagya Heft | 


Deerghachathurasrasyakshnayaarajju: paarsvamaani 
thiryanmaani cha yatpruthakbboothe kuruthasthadubbayam 


karoti 

‘Areas produced separately by the length and breadth 
of rectangle together equal to the area of the (squate) 
produced by the diagonal. 


— 


EXPLANATION OF BINOMIAL THEOREM 


If a three syllablic Madhya Chanda based on gury 
and lakhu sounds were followed, then variation of 
| guru and lakhu sound will be on the following 
j patter: 3 guru sound occur once, 2 guru and 1 lakhy 
| i 2 lakhu sounds 

| occur thrice, 1 guru and occur 
thrice, 3 lakhu occur once. The equation can be 
desived easily. If guru is g and lakhu is 1 then, 


(et) = g°+3g71+3g17+), This equation is the 
same as (x+y)*, Similarly for finding the pratishta 
Chanda, in the Chanda sastea of Pingalacharya, the 
following equation can be indirectly applied in this 
form: (g+1)* which is expanded 
gtt4g?1+4e7124+4e1 +14 
once, 


as 
Le 4 guru sound occur 
3 guru and 1 lakhu occur four times, 2 guru 
and 2 lakhu occur four times, 1 guru and 3 lakhu 
Occur four times and 4 lakhu occur once, 
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GEOMETRY IN SULBASUTRA-II 


Thaasaam trika chatbusbkayordoaadasikapanchikayo: 
panchadasikaashti kayo: saaptikachathurimsathikayo: 
doaadasika panchathrimsathikayo: panchadasikashad- 
thrimsikayo: ithyetbaasoopalabdbi: 

Hypotenuse in rectangles having sides 3 and 4 (= 
5), 12 and 5 (= 13), 15 and 8 (= 17), 7 and 24 (= 25), 
12 and 35 (= 37) and 15 and 36 (= 39) (1.49). 


BOUDHAYANA BOUDHAYANA SULBASUTRA 700 BC 


ANGULAR DIMENSIONS 


strpriagam: sitter fren: wyRTTE: 
ReriTarenht afin: afte: amat 
free: Beareficeraingat Ret Briel 


Angagunavedabutbaasaa: kalikaa vikalaa: samudrajaladbaya: 
svalpajalakhaashtasasi dbrutbisasina: kalikaa: saraagnayo 
vikalaa: thrijyaakruthivarashta navatbribbuvo visve 
jinzamsajyaa, 

3436’ 44” is radius and 11818047’ 35” is square of 
radius and 1398’ 13” is Rsin of 24° (both ate values 
in radians). 
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TRIANGLES 

Brea weardlt araeratfe aorefeert: | 
Thribbujasya phalasareeram samadalakoti bhujaardba samvarga: 
The area of a triangle is the product of the 


ptependicular and half the base. 
_ARYABHATTA I ARYABHATEEYA 499 AD 


auferaten mara weaeerat vet feat 
Reaferprer aa wereieat St WATT | 
Karnastbrayodasa syaath panchadasaanyo mabee drisapthaiva 
vishamastbri bbujasya sakbe pbalasankbyaa kaa bhavedasya 
What is the area of a scalene traingle in which one 
lateral side is 13 units, other 15 unit and the base is 
14 units. 


orate dat aaa wifes | 
Sete ares FA A A: ATI | 


Ashtaadasakocchrayovamso vaathena paathithomoolaath 
i jam kruthoaa koa 


shadgathvaavasoto 


‘A bamboo of beight 18 cubits fell by the wind, it falls 
at a distance of 6 cubits from the root, thus forming a 
tight triangle, where is the break? 

aati 
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POLYGONAL 


Thribdbyankaagninabba schandraisthri_ bhaanaa 
shtayugaashtabbi: vedaagni baanakbaaschaicha kbakbaabbraa 
bhrarasai: kramaath baaneshu nakha baanai schadvidvi 
nandeshu saagarai: kuraamadasavedaischa vruthbavyaase 
samaabathe kbakbakbaabbraarka sambbakthe labbyanthe 
kramasobbujaa: vrutthaantha sthraya poorvaanaam 
navaasraantham prathak pruthak 

For cyclic equilateral triangle, cyclic square, cyclic 
equilateral pentagon,.... to cyclic equilateral nonagon, 
(cyclic figures having 3 to 9 sides with equal side 
measurements) their sides can be calculated respectively 
when diameter is multiplied separetely with 103923 
(triangle) 84854 (quadrilateral) 70534 (pentagon), 60000 
(hexagon) 52055 (septagon) 45922 (octagon) and 41031 
(aonagon) and divided by 120000, the value will be the 
measurements of the sides of cyclic equilateral triangles 
to cyclic equilateral nonagon. Bhaskaracharya has given 
the example: If 2000 is the diameter of circle, equilateral 
geometrical figures inscribed inside that circle will have 
sides as follows: 

Geometrical figure Bhaskara's value Modern value 


‘Triangle 1732 + .05 1732.043 
Square 1414 + .021 1414.211 
Pentagon 1175 + .056 1175.5619 
Hexagon 1000 + .00 999.996 

Septagon 867 +58 867.5799 
Octagon 765 + 36 765.3636 
Nonagon 683 + 85 683.85 

| BHASKARA Il- LILAVATI 1114 AD 
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| l 
CIRCLE - VALUE OF IT 
Rrewereqeat TATA: 


Chathuradbikam sathatmasbtagunam dvaashasbtisthathag 
sabasraanaam ayuthadeya —_visbkambasyaasannog 


When 100 increased by 4 multiplied by 8 and added 
to 62,000 gives an approximate value for the 
circumference of a circle having diameter 20,000 
units. 

ARYABHATA | ARYABHATEEYA 499 AD 


cence: Reaetat AA Tet: | ai 
wag weraet A yee Ale 

Ashtadvaadasa shadkaa: visbkambhasthathvatho mayaa 
drushtaa: theshaam samavrutthaanaam parithipbalam me 
pruthak broobi 

Diameter of 3 circles are correctly seen by me to be 


8, 12 and 6 units respectively. Tell me separately 
the citcumference and areas of the circles, 


BHASKARACHARYA | - 628 AD. 
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SOMAYAJI’S THEOREMS 

Saray TRG Gee aT: | 
Bryer ey wt: Freaky aR: 1 
Vyaasaath vanasangunithaath prubagaaptam thryaadyayugvimoola 
ghanai: thrigunavygaase svamrunam kramasa: kruthvaapi 
paridbiraaneyu; 

Multiply the diameter of a circle with 4 and keep it 
at different places and divide each with the odd 
numbers beginning from 3, 5, 7,... as their cubes 
subtracted by the same value. Repeat this and add/ 
subtract alternatively the results to three times the 
diameter of the circle to get the circumference with 
the highest degree of accutacy. This theorem can 


be mathematically represented as follows: 
Circumference = 3D+4D/(3’-3)-4D/(S°-5+4D/?? 7): 


anitfat at RaptPraetntgetctoofa grr: | 

ard a yest Romig wat i ard Bier sAeererereTa | 
Vargairyujaam vaa dvigunairnirekair vargeekruthair varji 
thayugma vargai: vyaasam cha chadghnam vibbajeth phalam 
svam vyaase thrinighne paridhi sthadaasyaath 

Six times the diameter is divided separetely by the 
square of twice the square of even integers 2,4,6.... 
minus one, diminished. by the squares of even 


integers themselves. The sum of the resulting 
quotient by thrice the diameter is the circumference. 


This can be mathematically written as 
follows:Circumference = 

3D+6D ((1/2x22-1]?-2) + ((1/2x4-1P-4)+ (1/226 
1)-67))+.... 


s 14! 
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AREA OF CIRCLE AND SPHERE 
area afefaqirreareaana: wet a art 
Ateahua: agecia wei! teeta acit 7 
SATE 
Vnutthaksbethre paridbigunitha vyaasapaada: phalam thath 
ksbunnam vedairupari paritha:kandukasyeva jaalam 
golasyaivam thadapi cha phalam prushtajam vyaasanighnam 
shadbbirbbaktham bhavathi niyatham golagarbhe 
ghan: m 
When circumference is multiplied with diameter 
and that result divided by 4, that will give the area 
of a circle. This when multiplied with 4 gives the 
surface area of the globe which is like surface of a 
ball. This when multiplied with diameter and 
divided by 6 gives the volume of the sphere of globe. 
Mathematically it can be written as 2[Tr x 2r/4 =[]* 
BHASKARACHARYA Il - LILAVATI - 1114 A.D 


NEWTON GAUSS (1670AD) BACKWARD 
INTERPOLATION DISCOVERED BY 
VATESWARACHARYA 


ear ye citer ret rah afer | 
wera Preaved a dates Pratea Precwar 


Dhansshaaptha bbuktha je labdbam saroopaham dalitham 
labdaghna vivarabatham cha samsodbya niyogya vikalajyaa 


In modern mathematical form this interpolation 
formula can be written as f(x) = f(xi)+ (x-xi)1/h 


Df(xi-h) + (e-xi)1/h. (&-xith)i/h. D*f(xi-h)Y. 
VATESWARA VATESWARA SIDDHANTA 904 AD 
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ARC AND CHORD 


ARTATESTATTS ATTA Pras PlereherahirTsy | 
RreaahreReat sta agate ETAT | 
shanashashta bhaagatho vistaraardbakruthir- 
bbaktha varjitham sishtachaapamibasinjance bbaveth thadyuth 
ofalpaka gunofasakruthdbanu: 
‘The chord of an arc of a circle is obtained from the 
result of the cube of the length of the arc divided 
by six times the cube of radius and subtracted from 
the arc. This can be mathematically presented as. 
follows: Chord (R Sine 0) = s - (6°/ 6’). Here length 
of the arc s is in angular dimensions, r is the radius 
and 0 is the angle of the arc. 


afta: wear Rreaeret a Ga 


Paridbe: shadbbaagajyea vishkambbaardbena saa thulyaa 
The chord of one sixth of circumference is equal 


to the radius of that circle. 
L- 
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LENGTH OF ARC - CHORD 
ferret g 


abet: | ceiPrard oRRreri aqearnert 
we afacena siete: SAI ; : 
Vyaasaabdbighaathayuthamourvikayaa vibbaktho jeevanggbri 
panchagunitha: paridbesthuvarga: labdbonithaath 
paridbivarga chathurtha bbaagaadaapte pade vruthidalaath 
pathithedbanu: syaath. 

One fourth of five times the chord multiplied with 
square of circumference divided by four times the 
diameter added with the chord. This value is 
subtracted from one fourth of the square of 
circumference. Square root of this is taken and 
subtracted from half of the circumference to get the arc. 


Jpaavyaasayogaanthara ghaathamoolam vyaasasthadoono 
dalithas saree dsaaccbaro 


sara: ‘asaaccharonaacchara sangunaa cha 
roolam’ deinighnam bbavatherke mane Jecvaardbavarge 


sarabbaktha yukthe vyaasapramaanam pravadanthi vrutthe 

When the sum and differences of diameter and the 
chord are multiplied, and their square root is taken 
and if half of that is subtracted from the diameter, 
the arrow is obtained. The difference of diameter 
and the atrow multiplied with the arrow, twice the 


Square root of that value gives the chord. The square 


1 of half the chord divided by arrow and added with 


atrow gives the diameter of the circle, 
| = LILAVATI 1114 


2 


NEWTON’S INFINITE GP CONVERGENT SERIES 
DISCOVERED BY NILAKANTA SOMAYAJI 


wed Teqeress Te TET AAT BATT 
watt: ea era at aeaaeT atTeT 
mera: wera vata aed 
aetentt ar va..... 

Evam yasthuthya ccheda paramabbaaga paramaparyayaa 
ananthaayaa api samyoga: thasya ananthaanaam api 
halpyamaanasya yogasyaaddhyaavayavina: parasparama 


cchedaad ckonacchedaa mamsa saadbyam sarvathraapi 
samaanam eva... 


Thus the sum of an infinite series, whose later terms 
(after the first) are got by diminishing the preceding 
or by the same divisor, is always equal to the first term 
divided by one less than the common mutual divisor, 


NILKANTA_ARYABHATEEYA BHASHAYA 1444 
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[" SINE, COSINE, RADIUS AND ARC if 
oriaaitecate heat raiteritaa eat: | 
ataRratet eqraraererprearreitaaeyt | 


Anyonya kotibathayorabbimatha gunayosthrijecjavayaa 
hatbayo: yogaviyogow syaathaamabbimathagunachaapa 
yogavivaragunow 

The sum of the products of Sin A and Cos B and 
when angles are exchanged, Sin B and Cos A, 
gives the Sin of the sum of the angles. Similarly 
the difference of the above gives the value of the 
sin of angular difference. Sin (A+B) = Sin A 
Cos B+Cos A Sin BAnd Sin (A-B) = Sin A Cos B - 
Cos A Sin B. 


BRITT SaaS TAIT: MVS: | 
TAR Rakyprnieaep ateegrateatiepitertett || 
Yadveshta chaapagunatha ccharavargayoga moolaardbamishta 
dhanurardbaguna: pradishta: jyaanaam nijatbriguna 


vargaviseshamoolam kotisthadoona sabithow thrigunow 
svabbaanow 


Square root, of the square of a chord (R sin 8) 
diminished from squares of radius gives the koti (R 
cos @). This subtracted from radius gives the (small) 
artow of arc. This added to radius is big arrow of 
the atc..... 


PUTHUMANA SOMAYAJI - KARANA PADDHATI 1450 
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TAYLOR (1685 AD) SERIES OF SINE AND 
COSINE DISCOVERED BY NILAKANTA 


Feat: aie aqut: eenitceniza 2 area 
wren paig craters oy: feet ateetfeeraarctas areata 
Rreierca: srearedara aftrererccieare Referee 
Pantat afro reat ‘ 
ea at feet aenfeai git acpi: da a Gat 
Beare eat eysrerat: 
ista-dobkotidbanushoh svasamipasamirate jye dve saavayave 
nyasya kuryaad unaadhikam dhanub dvighna 
talliptikaptaikasarasailasikbindavab nyasyacchedaaya cha 
mithastatsamskaaravidbitsaya anyasyam athataam dvighnaam 
tathaa syam iti samskriti: santha te krtasamskare svagunau 
dhanusas tayo: 
Placing the sine and cosine chords nearest to the 
arc, whose sine and cosine chords are required, get 
the arc difference to be subtracted or added. For 
making the correction, 13,751 should be divided 
by twice the arc difference in minutes and the 
quotient is to be placed as the divisor, divide the 
one (sine or cosine) by this divisor and add to ot 
subtract from the other (cosine or sine) according 
as the arc difference is to be added or subtracted. 
Double this result and do as before, Add or subtract 
the result to or from the first sine or cosine to get 
the desired sine or cosine chords. 

NILAKANTA - TANTRA SANGRAHA 1444 AD 
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NEWTON GAUSS (1670) INTERPOLATION 
FORMULA DISCOVERED BY GOVINDASWAMI 


gacchad-yata-gunantharavapuryathaishya-disvasanaa 
cchedaabhyaasa-samuba-kaarmukakrti-praapthath 
tribbisthaadithab vedaibi sadbbir avaaptam antyagunaje rasyo: 
kramad antyabbe ganthavaahata-varthamaana-gunajaaccha 


paatham ekaadibbi:antyad utkramatab kramena vishamai: 
sankbyaviseshai: ‘aya 
mabhyab kramad vatate sodbyam 


Mathematicaly this formula is summarised as follows: 
F(x+nh)=A f(x) +nf(x)+4n(n-1)(Af(a)-Af(x-h) Multiply 
the difference of the last and the current sine differences 
by the square of the elemental arc and further mutiply 
by three. Now divide the result so obtained by four in 
the first rasi, or by six in the second rasi. The final result 
thus obtained should be added to the portion of the 
current sine differeace (got by linear proportion). In 
the last rasi, multiply the linearly promotional part of 
the encrent sine dlficrences by the zemaining batt of 
the elemental arc and divide by the clemental arc. Now, 
divide the result by the odd numbers according to the 
cutrent sine difference, when counted from the end in 
the reverse order. Add the final result thus obtained to 
the portion of the current sine difference. These are 
the rules for computing true sine differences for sines. 
In the case of versed sines, apply the rules in the reverse 
order and the above corrections ate to be subtracted 


from the respective differences. 
3 TARY FOR, 
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NEWTON’S (1660 AD) POWER SERIES 
DISCOVERED BY SOMAYAJI 


waa stared, arated rary 
getarge: Pree areerion ed ae ToT 
etq Rrperpratierearerd ect: WATT 
fed creccta feta Rraeaai were: 
muiaetata ania ar, dna 
wreftert Raga: 

nibatya chapavargena chapam tatthathpbalani cha haret 
samulayugvargaistrijyavargabatai: kramaat chapam pblani 
chadbodbonyasyoparyupari tyajet jivaptyai, sangrabo syaiva 
vidvan-ityadina krtha: nibathya chapavargena rupam 
tattatphalani cha hared vimulayugvargaistrijyavargabatai: 
kramat kintu vyasadalenaiva Sgbussdyem ‘vibbajyataam 
phalanyadbodba: kramaso nyasyoparyupari tyajet saraptyai, 
sangrabo asyaiva stenastri-tyadinaa krta: 

Multiply repeatedly the arc by its square and divide by 
the square of even numbers increased by that number 
and then multiplied by the square of radius. Place the 
arc and result one below the other and subtract each 
from what is above it. To derive the arc, which are 
collected, beginning with the expression Vidvan 
(katapayadi number). Multiply repeatedly, the unit 
measurement which is the radius, by the square of the 
arc and divide by the square of even numbers decreased 
by that number and then multiplied by the square of 
radius; the first is, however, to be divided by twice the 
tadius. Place the results one below the other and subtract 
each from the one above it. That is the method to derive 
the saras, which ate collected in the beginning with stena. 
(This equation is now known as Newton power series.) 


PUTHUMANA SOMAYAII- KARANAPADDHATI (1450 AD 
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VOLUMES OF CONES 
arenes: qetara wet Tate | 


Samakbaatha phalathryamasai: soocbikbathe phalam bbavathi 


‘The one third of the volume of the uniform cylinder 
is the volume of the cone. 


afeferftiferersret tretferareee: Peet 
oraainitacents fatiqraee: ae! afteater 
fearenta weer afea: dora A Prt 
WHER TIS TIS Ul 


Pardbirbbitthilagrasya raasestbrimsathkara: _ kila 
anthakonasthithasyaapi thitbithulyakara: sakbe babisbkona 
stbithasyaapi panchaghnanava sammitha: theshaa ma chaksboa 
me kshipram ghanahasthaath pruthak pruthak 

Friend, the food grains are kept at a circumference 
of 30 cubit in the floor, outside comer of the room, 
inside corner and side of the wall. Find out the 
volume of the grain if the height is 45 cubit. 


[BHASKARA MI LILAVATI 1114 AD 
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LHUILER’S (1782 AD) FORMULA. 
DISCOVERED BY SOMAYAJI 


atonqzatdatatagqarnt frenet rerre, 
Doshnamdvayordvayor ghaatayutaanaam tisraanaam vadbaat 
ekaikonetarattraikyam catushkavadbabbajitam Iabdba mulena 


yadvrttam visbkambhaardhena nirmitam sarvam- 
caturbbujakshetram tasminneva tisthtabathe 


‘The three sums of the product of sides, taken two 
at a time are to be multiplied together and divided 
by the product of the sums of the sides taken three 
at a time and diminished by the fourth. If a circle is 
drawn with the square root of this quantity as 
radius, the whole quadrilateral will be situated inside 
it. 


PARAMESWARA COMMENTARY FOR LILAVATI (1360 AD) 
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FOR INVERSE TANGENT 
DISCOVERED BY MADHAVA CHARYA 

gen siteait a ered ernteweteat a tar wet 
pire: we vata dentieratetteqar 
start gra aged at: 
wart vant ag: Ft 
istajya-trijyayorgbathath kot L rathamam phalam 
eae pczakee tito kotorrgam cba baarakain pata 
‘maadiphalebbyo atha neya phalakrtir mubu: eka-tryaady- 
ojasankbyabbirabbaktesbvetesho anukramaat ojanam 
_samyutesthyaktva yugmayogam dbanur bhavet dob-kotyor 


alpameveba kalpaniyam ba smrtam labdbinam avasanam 
| syanna thathaapi mubu: krte 


Obtain the first result of multiplying the jya (R sine 0) 
by the trijya (radius) and dividing the product by koti 
cos 6). Multiply this result by the squate of the jya 
| and divide the square by the koti. Thus we obtain a 
second result a sequence of the further results by 
repeatedly multiply by the square of the jya and 
dividing by the square of the koti. Divide the terms of 
the sequence in order by the odd numbers 1,3,5,..5 after 
this, add all the odd terms and subtract from them all 
the even terms (without disturbing the order of the 
terms). Thus is obtained the dhanus whose two 
clements ate the given jya and koti. Here the smaller 
of the two elements should be taken as the jya, since 
other wise the series obtained will be non finite) | 


[ GREGORY’S (1632 AD) SERIES | 


of Tangent) 
‘MADHAVA_YUKTL BHASHA? (1350 AD) 
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LEBNITZ (1673 AD) POWER SERIES 
DISCOVERED BY SOMAYAJI 


carat eRe Pred wag sare eran Peete 
Remsen et gare agate || 


vyase varidbi-nibate rupabrate vyasasaagaraabbibate wisara 
adi\ vishamasankbya-bbaktamrnam svam pruthak kramat keryat 
Multiply the diameter by 4. Subtract from it and 
add to it alternately the quotients obtained by 
dividing four times the diameters by the odd 
integers 3, 5, 7, This will give the fine value of 
the circumference i -1/3+1/: 


Al 


DE MOIVRE’S (1650 AD) APPROXIMATION 
DISCOVERED BY MADHAVA CHARYA 
rere TT at afore SrA HATE: ort 
wt ym: a a Fal TTT 
Ue: aAETERTET Ag a: Paras Preriet 
wen Te UA TA aT TAT 

“Asmat suksbmataroanyo vilikbyate kasbeanapi samskara: are 
Aemusankbyadalavarga saiko guna:, sa eva puna: yugageni 


sail 
rupayuta: iiacankiyadalabato bbaved haara: trisaradivisa 


mmashankbyabaranat param etad eve va karyam 
A correction for 
being stated here. 
half the even inte : 
haljdplier multiplied by 4, then increased by patty 
and ea mulsp ied by 
Sfvisor. This cosrection may be appli 
vision by odd integers,3, 5, etc. Le ‘Circumference 
division by ost s.l/T euee + wl /n(a(at)+1 + 
(At x 4 #1) (A(o+1)) 


— -_ was 


DE MOIVRE’S (1650 AD) APPROXIMATION 


apiearar is weet get Prarargtereg SP TTT ae 
refraremrerreion cect ota ea are 
art earner: rea TEA SE EET ay 
oR ateriea Seolit Ger: VRPT: AT EAT ARR 
Rea TET 


yatsankbyaaatra barane krte nivrtta brtis tu jamitaya tarye 
urdbvagatasyas samasankbya taddalam guno ante syat 
tadvargai rupabato baaro vyasabdbighatata: pragvattasyam 
aptam svamrne krte dhane sodbanan cha karaniyam sukbma. 
paridbi: a syat babukrtvo baranato atisukshmas cha 


sewn Let the process stop at a certain stage, giving 
tise to a finite sum, multiply four times the diameter 
by half the even integer subsequent to the last odd 
integer used as divisor and then divide by the square 
of the integer increased by unity. The result is the 
correction to be added to or subtracted from finite 
sum. The choice of addition or subtraction is 
depending on sign of the last term in the sum. The 
final result is the citcumference determined more 
accurately than by taking a large number of terms: 


MADHAVA YUKTIBHASHA? (1350 AD) 


[ HORIZON 


Aavesbtamaanamatha thaani__dalapravruthyaa 
yadorutthamathra harijam ksbithijam thadaabu: yasmin 
bhaveth samudayasthamayo akbilaanaam praachyaam 
kramaadaparadisyudu kbecharaanaam 


‘The great circle which goes round them, dividing 
each of them into two equal parts, is called harija 
or kshitija. This in modern astronomy is horizon. 
"This is the circle on which rising and setting of stars and 
planets take place towards east and west respectively. 
VATESWARA SIDDHANTA 880 AD 


ASTRONOMICAL DEFINITIONS 
sedaetfarqtrerdt wigite area | 
aatteter teRinitaet grag Pafeettete aaa | 
Urdhvamadbo apara poorvamibaadyam praaburidam 
samamandala manyath thadvadibotthara daksbinadikstham 
orutthayugam vidisorapi thadvath 

Vertical circle passing through the west and cast 
cardinal points is the first circle: this is called the 
samamandala. (This circle is the prime vertical. 
‘Another similar vertical circle (called the 
yaamyottara-vrutta) which passes through the north 
‘and south cardinal points is called the meridian, 

w SWE -V )DHANTA_ 
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ledade BRAHE REDUCTION OF ECLIPTIC 
DISCOVERED BY ACHYUTA PISHAROTI 


wreaaiyqa feet ef fara ferert 
rgeratat eapereret waite Hat 


Patonasya vidhostu kotibbujayorjive mithastadayet 
antyakshepasarabatam vadhamamum vikshepakotyabaret 
labdbam vyasadaloddbrtam bimakare svarnam, vipate vidbau 
yugmaayugmapadopage; vidburayam spasbto bhagole bhavet 
Multiply the tabular cosine and sine of the moon 
minus node and the product by the tabular versine 
of the maximum latitude of the moon. Divide this 
by the tabular cosine of the latitude at the particular 
moment and the quotient is to be divided again by 
the tabular radius. The result is to be added to or 
subtracted from the moon's longitude, as the moon 
minus node is in an even or an odd quadrant, 
respectively. The true moon measured on the 
ecliptic is thus obtained. 


ACHYUTA PISHAROTI SPHUTANIRNAYA 
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EQUATOR 
wearer eReriframt aen(a) dares 
mateo sremefet aga aged set HeitereT 
Setter || 


Kbasvasthikaad dakshinatho akshabbaagow paathaa (la) 
samjnachba thathottharena naadyankitham vaishuvatbam 
‘vruttham bbagolasya khagolamadbye 
The sphere of the asterisms lie within the sphere of 
the sky. Great circle of the sphere of asterisms which 
lies towoards the south of the zenith by an amount 
equal to the degrees of local latitude and towards 
the north of nadir by the same amount and which 
is graduated with the division of nadis is the 
vishuvathvrutta. This circle is called the equator. 


Poorvaaparakshithija sangamayorgathamcha yaamyaadadba: 
palalaval: ksbithijeadot ae soumyaadathopari 
samadruvamarga samstham unmandalam dinaniso: 
Asbayavruddbikruthaath. 

Passing through the two points of intersection of 
prime vertical and horizon, lying below the south 
cardinal point by the degrees of local latitude, 
fastened to the horizon, and lying above the north 
cardinal point, passing through the north celestial 
pole, is the Unmandala, the cause of decrease and 
increase of the day and night. (This in modern 
astronomy is known as the 6’o clock circle.) 


SIDDHANTA. 
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| | CIRCLE OF DIURNAL MOTION 


htt aeperepargmastatieart | 
| SHER GUS FoataqergarreretaTeHT: | | 
Harije parapoorva mandala dyujaavruthba visesha sinjince 
udayaagraguno dyumandale bhoojyothavruttha kujaan 
tharaamsajeevaa: 
\ R sine of the arc of the horizon lying between the 
prime vertical and the diurnal circle of the planet is 
| the R sine of agra (now known as the rising point 
of the planet) and the R sine of the degrees of diurnal 
circle lying between six 0’ clock circle and the 
horizon is bhoojya (bhujya) which is tetmed as 


Earthsine. 
l VATESWARA SIDDHANTA 880 AD 
DAY RADIUS 


Taare Bearaaiers epter eae | Bearer 
Fe aT 

Kraanthijyaa vargonaath thrijyaavargaath padam dyujeevaa 
syaath thrijyaakraanthi yaanthara samaasa | ghaathasya moolam 
vaa 

Day radius is equal to the square root of the 
difference obtained by subtracting the squares of R 
sine of the declination from the square of the radius 
of the squate root of the product of the difference 


and the sum of the radius and the R sine of the 
declination. 


VATESWARA SIDDHANTA 880 AD 
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ECLIPTIC 
argareaaed Argenta Rriarhefrerat yet | 
ated sfanfrcemret agua IRrAlt 

Naaddyaahvavrutthaajathulaadilagnam 
jinaamsakairadakshinatho mrugaadow soumye seetha 
mandiraadaav apakramaakbyam thadusanthi vruttham 

Fastened to the so called nadivrutta or the equator 
at the points of Aries and Libra and lying 24 degrees 
of the south (of equator) at the first point of 
Capricon and 24 degrees to the north (of equator) 
at the first point of Cancer, there is a great circle 


called the apakrama vrutta (now known as the 
ecliptic) 


VATESWARA SIDDHANTA 880 AD 


DAY DIAMETER 
Prgasre ffavrefentfetaeprTreTrae: Laat 
peateaend Rept Perea: 1 

Vis i) mardba varga vislesha: moolamavalambaka: 
dee ee Giyackruthyo rantharapadam doigunam dinavyaasa 
Squase the sine of latitude and deduct from the 
square of the radius. Its square root is the sine of 
the co-latitude (its arc being the co-latitude). Square 
the sine of the declination deduct from the square 
of the radius and find its root. Twice the result is 
the day diameter. 
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SETTING POINT OF ECLIPTIC 
MST GAM THAT ATS TT TE: (afecitfea rr4) | 
( (a) # (a) fat (2) HA eM (FA) 
arat fea yeral 
Praachyaam kuja apakrama orutthasanga praaglagnamaabu 
(paritho asthalagnam) (lagnaadbbaveth) sa (pta) ma (raa) si (ra) 
stha thasyaa (stha) kaalo abbyudayosya bhooyath 
Point of intersection of horoizon and the ecliptic 
in the eastern half of the celestial sphere is called 


praglagna. Le. the sising point of ecliptic; the same 
in the western half is called astalagna, known as 


setting point of ecliptic. 


RIS! SETTING LINE 
aqremiqnt hacia: erreaerestian yatETT | 
sorority eheat Prod aa mereTTaTaTET Bary || 
Vyaasaardba orutthe antharam ethayo: syaaccharaardha jt 
parapoorvayosthath agraagrayoryad harijenibaddbam 
‘soothram grabaanaam 1 samjnam 

The arcual distance between the six o’clock circle 
and the horizon measure, along the R circle 
trijyavrutta known as great circle of the celestial 
sphere, supposed to be of radius 3438” (minute of 
angle) is the charardhajya. It is called the R sine of 
the Ascensional difference. A thread tied to the 
extremities of the agra on the eastern and western 
halves of the horizon is called the udayaastasutra. 
(ia moderen astronomy it is known as the rising - 


setting line of planets). 
TESWARA SIDDHANTA 880 AD 
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DAY RADIUS AND EARTHSINE 


PAP grt at ara ofa ET 
Brenkait cteaen eqreterareisttar art 


Kraanti thribbaantharaj ) je 
b ribbaantharajyaa dyujyaa vaa charadalajeevayaa 
bruthaathrijyaaksbitijeevaghnaa svaaboraathraardbajecvaa 


Rsine of the difference between the three signs and 
the declination is also equal to the day radius. Day 
radius multiplied by earthsine and divided by the 
R sine of the Ascensional difference gives the day 
radius. 


\VATESWARA SIDDHANTA 3(4)-3) - 880 AD 


SUN’S PRIME VERTICAL 


wedret treater rgite arcs | 
aaketereRrieaet qerqy Fateaitey aaa 
Urdbvamadho aparapoorvamibaadyam praaburidam 


samamandala manyath thadvatbibottharadakshina dikstham 
vrutthayugam vidisorapi thadvath, 


Vertical citcle passing through the west and east 
cardinal points is the first circle called samamandala 
or the prime vertical. 
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a wT! 


Thithernathasya kramasinj 


sanee hathaa kbamadbya 
lagnaprabbavena sankunaa kshamaashadangkaabbi 
saraankanethrabrud vilambane syaad, | ghatikaadi vaa phalam, 
R sine of the hour angle at the amavasya multiplied 
by R sine of the altitude of the meridian ecliptic 
point and divided by 2954961 gives the parallax in 


ghatkas at mid eclipse Gishyadbi vruddhi Tantra 6-8) 
LALLACHARYA. SISHYADHI VRUDDHI_ TANTRA, 


—_—_——_—_—_—————————————— 
PARALLAX-I 

Prakiettar serera ga Rrethpaeeryetat aa aT: 
Seerenyor gem: revere Senate PTTL ETT 
Thriraasijeevaa valanajyakaa bruthaa sileemukbai 
| rankulathaam vrajanthi thaa: dvisankunaa drushtigathi: 
| saraachalairvibbaajithaa lambana naadikaa phalam 

Radius and the valanajya when divided by 5, are 
converted into angulas. The R sine of driggati 
multiplied by 2 and divided by 75 gives ghatika of 
the parallax in longitude. (Gishyadhi vruddhi Tantra 
13-11) 
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PARALLAX-III 
ATTRA Se AAT EST 

waa aerate era: eaToTgrAatga AT: ATT, 
Nathakramajyaambara sankunighnaa syaallambanam 


thathvarase shubrudvaa drukshepabbukthyanthara yoscha 
ghaatha: khabaanayugmaa ksbibrutho natbi: syaath 


R sine of the hour angle multiplied by Rsine of 
altitude of the merdian ecliptic point and divided 
by 5625 gives parallax in longitude, The Difference 
of true motions of the Sun and the moon multiplied 
by the Rsine of drikshepa and divided by 2250 gives 
the parallax in latitude. (Sishyadhi vruddhi Tantra 


13-12) 
LALLACHARYA. SISHYADHI VRUDDHI_ TANTRA 700 AD 


APOGEE, PERIGEE AND ORBIT OF EARTH- 
waters serrreattrat aan cat safer eaehherer: | 
Ruitert seat: solqanmiterit Pree tt 
Svochbaath shadbbaagaadhyadbiko yadaa thadaa bhavathi 
svaneechastha: doorenochbaga urvyaa: karnavasaannochhago 
nikate 
When a planet is at a distance of 6 signs from its 
apogee, it is said to be at the perigee or neecha, 
When a planet is at the apogee, it is farthest from 
the earth when at the perigee, itis neatest to the earth, 
This is so because of the length of the hypotenuse 
in each case (Sishyadhi vruddhi Tantra 14-10) 

U fA 
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VELOCITY OF PLANETS PER DAY 


ata Rereart Sun 59° 8" 10” 13" 


(gopaajnayaa dinadbaama) 


aftstat af ferutat Moon 790! 34” 51" 36" 


(Chandikeso bharga snigdbosow) 


sreeterere ater: Mars 31’ 26" 29 42" 


(Prabburdbaraachakra paala) 


wiigaeitivar Monry 245’ 32" 36" 32'" 


.(Rageethumbururganeswara) 

sara etary Jupiter 4’ 59" 7" 2" 
(Prajnaasanoo dharmavaan) 

araft APqAAT Utes: = Venus 96’ 7" 37" 51" 
(Kasi saambasanna chola:) 


MASTS AZ: Satum 2' 0" 23” 32" 
(Prabbalapraajno nara;) 


The modern values of angular motions are Earth/ 
Sun 59.14', Mars 31.45’, Mercury 245.7’, Juptiter 4.99" 
Venus 96.13’, and Saturn 2’, 


PUTHUMANA SOMAYAI__KARANAPADHATI (1450 AD) 


Scanned with CamScanner 


SHAPE OF EARTH 


TETRA HEMT: AEA: | 
aentrargare was iter: 1 


Gaganamarudaagni jalamrunmayo mahaabbootha 
gunayutha:kbastha: kakshaabbiraavrutho ayam bbapan 
cbaraanthascha bhoogola 


Spherical earth, made of ether, fire, air, water and 
clay (Panchabhoothas) and thus have all the 
ptoperties of the five elements, surrounded by the 
orbits and extending upto the sphere of stars, remain 
in the space (Sishyadhi vruddhi Tantra 17-1) 


LALLACHARYA. SISHYADHI VRUDDHI_ TANTRA 700 AD 


sepa: eraieet aire: erat gad | 
saferenter aren rat et Perret ae ee TTT 
Praguna paridbe: sathaamsako ganithajnaa: kathayanthi 
<drusyathe prathi bhaathi thadaa samaa mabee vishaye yanthra 
thathaiva gamyathe 

Mathematicians say that one hundredth of the 
cirucumference of the earth appears to be plane. 
So, that portion of the earth appears to be plane to 
an observer (Sishyadhi vruddhi-Tantra 20-35) 
LALLACHARYA_ SISHYADHI VRUDDHI_ TANTRA 700 AD 
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ROTATION OF EARTH - I 
meta sat eile ate gat aol BATT 
area eater gah aT SENT || 
Pranenaithi kalaam bhooryadi tharhi kutho vrajeth 
kamadbyaanam aavarthana murvyaa schenna pathanthi 
samucchrayaa: kasmath 

If earth rotates at a speed of 1’ of an angle in 4 
seconds, will not the things on the loft fall? Where 
does the earth go in this speed? (Brahmasphuta 
siddhanta 11-17). 


BRAHMAGUPTA _BRAHMASPHUTA SIDDHANTA 629 AD 


FOUR QUADRANTS OF EARTH 
seat at ager athe: afqta Prag?! 
Reet qaateai trata frst cara 
Udayo yo lankaayaam soasthamayo: savithureva siddbapure 
madhyabno yavakotyaam romake vishaye ardbaraatbramsyaath 


When it is Sunrise in Lanka, the same Sun sets 
in Siddhapura. (Gautimaala). It is noon in 
Yavakoti (Korea) and midnight in Romaka 
(Rome) (Aryabhateeyam 4-13). 


ARYABHATA -I_ARYABHATEEYA (499 AD) 
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GLOBE 
water Hbtared gat 


Samavrutthaprusbtamaanam sookshmam golam prasaadbya 
daarumayam sthagithaarka samaankitha kaala 
bhogarekaadvaye paridhoo 
Perfectly circular throughout and spherical, made 
of wood, marked with degrees and minutes, 
incorporated with lines both longitude and latitude 
at ends, is the golayantra. (Panchasiddhantika 14-23) 
VARAHAMIHIRA PANCHASIDDHANTIKA (505 AD) 
SISA AAR TTA: TTS Ty tet 
arataoted waa cafe a sere | 
Kaashtamayam samavruthham samanthatha: samagurum 
laghum golam paaradathaila jalaistham bbramayeth yaa” 
cha kaalasamam 
Made of wood, fully citcular, uniform, equally dense 
throughout and spherical shaped golayantra, which 
rotates at a fixed rate of time as the earth does by 
the help of mercury, oil and water, by the application 
of our intelligent calculation, is the golayantra-Globe. 


Nrushiyojanam, njilaa bhoovyaaso 
8000 Nr units is equal to one yojana. The diameter 
of earth is 1050 yojana. 


Wl 


ROTATION OF EARTH - I 


3 & ft qq Ig Me -...- 
Ku ngi si bu nlru shru kbra praak 
Eastward rotations of the earth in one Yuga is 
1582237500 
aqnin after: wacract Rreitrt zed | 
sraenit wiht carl TART AEST | 


Anuulomagathirnoustha: pasyathyachalam vilomagam yadvath 
achalaani bhaani thadvath samapaschimagaani lankaayaam 


Just as a man in a boat moving forward sees the 
stationary objects as moving backward, so are the 
stationary stars and celestial bodies seen by the people 
at equator (Lanka) as moving exactly towards west 
a srraqateent aera: U1 

Ku aavarthaaschaapi naakshatbraa: 
The rotation of the earth is the cause of days 
(Asyabhateeyam 3-5), 

ARYABHATA-I_ARYABHATEEYA (499 AD) 
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MERIDIAN 


eoravités egal af 2a aati 
Feed prTany aateite | eT: SEGA: AVERT ATT 
ares Fret at great Rerrere erent Ar | 
Lankaayaamekam sankukeelam prathishtaapya thenaikam 
soothraagram baddbvaa punarmerorupari thadagramanyath 
baddbvaa yathaayathaa drusyatha..... thadvath bhoomaavapi 
kaachidrekba lankaatha: kbarapuratha.... 
merumasthakaanavagaabya sthithaa saa punarathra desaanthara 
Lisscdrans 

Fix a pole in Lanka, tie thread on that, take the 
other end to the North pole, tie it there also, then 
one can see the line of the thread passing through 
Lanka, Khataputi, Arctic point and so many other 
countries upto the top of Meru. This is international 
meridian line (Sankaranarayana on 
Laghubhaskareeya I-23) 


SANKARANARAYANA |_LAGHUBHASKAREEYA (950 AD) 
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GRAVITY 


orpieaiaiea ad aa aq wed Te SUPT 
waren | srgerd aerate safe a ATT, 
wa Tae all 


Aakrushti sakthischa mabee thayaa yath kbastham guru 
soaabbimukham svasakthyaa aakrushyathe thathpathatheeva 
bbaathi same samanthaath kva pathathyayam kbe: 

‘This earth attracts whatever solid materials are in 
the space, by her own force of attraction towards 
her (carth). All those subjected to this attractional 
force fall, to the earth. Due to equal force of 
attraction among the celestial bodies, where can each 
among them fall? (Siddhanta siromani 
Bhuvanakosham 6) 


,OMANY (111 
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MERIDIAN AND TIME 


Rareeeeuor wear ypterefentem Tea HATTA 
sregt tare: Get rT 
Desaanthara ghatee kshunnab madbyaa bhukthir 


dyuchaarinaam shashtyaa bhaktham runam praachyaam 
rekbaayaa: paschime dhanam, 


‘The time is calculated based on the meridian. Divide 
the time by 60... and the longitude is calculated. 
Towards the east subtract and towards the west add 
the number (Laghubhaskareeyam 1-31) 


BHASKARA |_LAGHUBHASKAREEYA (628 AD) 


MERIDIAN AND TIME 


arm Btreeigqtriee weter | wag 
aerated ater a tat alt 


Panchaasathaa thribbisthryamsaamyuthairyojanaischa 
naaddyekaa samapoorva paschimasthairnithyam sodbyaa cha 
deyaa cha 


One nadi for every 53 1/3 yojanas has to be 
deducted or added (to Ujjaini) by the people 
in places east and west, respectively of the 
Ujjaini meridian. (Panchasiddhantika 9-10) 

VARAHAMIBIRA - PANCHASIDDHANTIKA (605 AD) 
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ECLIPSE-I 


Rerdoge staagats asta at a vee 
ahr aft ahaftrs afta ! &: gaits 
reheat tt 


Kimartham asura: kaschidraaburnaama saimbikeyoarkam || | 
chandram cha grasatha ithi srooyathe sraapi pouraanika 
sruthireval ka: punariba raaburithyuchyathe 


What does it mean that Asura is responsible for 
the eclipse? Others say that a snake Rahu swallows 
the Sua and the Moon! ‘Those are puranic stories! 
"Then what is called the Rahu? 


SANKARANARAYANA_COMMENTRAY TO. 
LAGHUBHASKAREEYA 950 AD 


Sreatet steft eel, aRart mech @ sETAT | 
Cehadayath sasisooryam sasinam mabathee cha bhoocchaayaa 
Moon covers (shadows) the Sun and the great 


shadow of the earth covets the moon (which causes 
the eclipse) 


ARYABHATAL ARYABHATEEYA (499 AD) 
ee enone | 


50 


Scanned with CamScanner 


ECLIPSE-II 
ST Ra OTT TET BI 


Atha eva bboocchayaa chandragrabanasya kaaranam 


‘That is why it is said that the shadow of the eatth is 
the cause for the lunar eclipse, 


SANKARANARAYANA_COMMENTRAY TO LAGHUBHASKAREEYA 


araet aft ara gat Praaifterachier & WaT! 
Taft Si a tert eRe PT BIST 
Asuro yadi maayayaa yutho niyatho atbigrastheethi they 
mantham ganithena katham sa labbyathe grabakrutha 
parva vinaa kathanchana 

If you are of the opinion that an artifical demon is 
always the cause of an eclipse by swallowing, then 
how is it that an eclipse can be determined by means 
of calculations, Moreover why is then not an eclipse 
occur on a day other than the day of new ot full 
moon (Sishyadhi vraddhi Tantra 20-22) 


LALLACHARYA SISHYADHI VRUDDH 700 AD 


We are waiting for your unbiased and 
scientific views ........- ! 


We submit with proof these claims, on the 
discoveries and inventions of the facts 
mentioned in this book, to the scholars and 
scientists. We request you to inform us your 
opinion and views on these claims, that these 
are INDIAN DISCOVERIES / INVENTIONS. 


Reply to: 
Website : www.iish.org 


Phone : 0471 - 2490149 (India) 
E-mail: gopaliish.@hotmail.com 


Address: Indian Institute of Scientific Heritage, | 
Trivandrum - 695 018, Keralam, India | 


Dr. N. Gopalakrishnan 
Scientist & Director, ISH 
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